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In bullfrog sympathetic neurons, agonists at gonadotropin releasing hormone (GnRH), 
muscarinic, and substance P (SP) receptors inhibit a time- and voltage- dependent K current, 
Im* During repetitive or prolonged exposure to one of these agonists, the agonist’s ability to 
inhibit Im sometimes decreases. This decreased ability of an agonist to produce an effect is 
desensitization. The mechanisms for desensitization of the different receptors may be 
distinct, for several reasons. Desensitization is homologous or agonist-specific. The degree 
of desensitization that occurs in response to SP is greater than that to GnRH which is greater 
than that to muscarine. Activation of the desensitization mechanism by SP does not 
decrease responsiveness to non-desensitized doses of muscarine. Two lines of evidence 
suggest that desensitization of SP is occurring at the SP receptor. First, the kinetics of 
responses to .SP before and after partial desensitization to SP have been compared to the 
changes in response kinetics predicted by a model of receptor-G protein coupling. The 
model predicts that if desensitization is at the receptor, and if desensitization results in a 
decrease in the availability of functional SP receptors, then responses to maximal 
concentrations of agonist elicited in the partially desensitized state will be smaller with an 
unchanged time course when compared to responses elicited in the non-desensitized state. 
Experimentally, it was observed that after partial desensitization to SP, subsequent 
responses to SP were smaller with a similar time constant. Second, in certain receptor 
systems, desensitization is correlated with phosphorylation of the carboxyl tail of the receptor. 
The carboxyl tail of the rat and human SP receptor contain numerous serine and threonine 
potential phosphorylation sites. To determine if this portion of the receptor was involved in 
desensitization to SP, peptides comprising specific portions of the carboxyl tail of the rat SP 
receptor were synthesized and applied intracellularly during whole cell recordings of Im- 
Peptides comprising residues 325-360 or 361-375 of the tail of the SP receptor significantly 
decreased desensitization to SP, while peptides comprising residues 376-407 of the tail or 
residues 168-179, an extracellular portion of the receptor, did not affect desensitization. The 
SP receptor-derived peptides did not affect desensitization to GnRH or to muscarine. 
Desensitization requires intracellular ATP, consistent with the hypothesis that desensitization 
may involve a phosphorylation event, but the desensitization is not blocked by heparin, an 
antagonist of receptor kinases. These data show that desensitization to SP is an ATP- 
dependent process that may alter the number of functional SP receptors. This work is 
supported by NS-25999 from the NINDS. 
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